Melting Point Depression of Lead-Free Solder by Gold
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The data recorded by the DSC is generated into a graph, and each melting point is
visible as a peak.

From the stock supply, 2 g samples of SAC 305, 387 and 405 were drilled
using a standard power drill and a 1/8” drill bit. Four samples from each
component were drilled, and were labeled 1 (1/3 Au:1 Ag), 2 (2/3 Au:1 Ag),
3 (1 Au:1 Ag), and 4 (4/3 Au:1 Ag).
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Then 2 g samples of SAC 305/387, 305/405, and 387/405 were drilled.
This was done by drilling a 1 g sample from each component. Five
samples of each combination were made, and were labeled no gold, 1, 2,
3, and 4 (same as above). The appropriate amount of Au for each sample
was calculated and measured.
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Stock supplies of SAC 305, 387 and 405 were provided. SAC 305
denotes 3% Ag, 0.5% Cu, and the rest of the composition is Sn.
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DSC Graphs
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A 5-10mg sample is placed in a small pan,
which is placed inside the DSC. An inert gas
(nitrogen) flows into the DSC to prevent the
samples from oxidizing.
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Procedure

The DSC (Differential Scanning Calorimeter)
measures Temperature (ºC) vs. Rate of Energy
Absorption (mW). The rate of energy
absorption is greatest when a sample melts. If
a sample melts at more than one temperature, it
contains multiple phases.
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The purpose of this research was to determine the effect of Au on the
melting point of a lead-free solder, SAC, which denotes Sn (tin), Ag
(silver), and Cu (copper). According to binary and ternary phase
diagrams for Ag, Au, Cu and Sn, we assumed the addition of Au would
increase the melting point of SAC solder. However the addition of Au
significantly decreased the melting points of SAC solder by
approximately 2.5 to 14 ºC, depending on the amount of Au added.

DSC Infinity Series
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The use of lead-free solder has increased because it has a lower toxicity
than lead solder. The EU and Japan have mandated the use of leadfree solders. Lead-free solders can be used to solder joints to structures
that contain Au (gold), such as computer chips. At the soldering
temperature, “Au dissolves into molten solder very quickly.” 1 The upper
solubility limit of Au in lead-free solders has not been determined
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Discussion

The prepared samples were homogenized in graphitized ampoules.
Ampoules are long glass tubes made of silica, and they can withstand
very high temperatures without melting. Acetone was dropped into the
bottom of each ampoule, which was then rotated over an open flame in
order to combust the acetone. As the acetone combusted, graphite stuck
to the sides and bottoms of the ampoules. This was done to prevent the
metal samples from sticking to the ampoules.

When Au was added, two distinct melting points appeared on the DSC graphs. For 1/3 Au:1 Ag and 2/3 Au:1 Ag,
the higher melting point was more pronounced. For 1 Au:1 Ag and 4/3 Au:1 Ag, the lower melting point was more
pronounced.
This suggests that, as more Au is added, the lower melting point grows more pronounced. It is possible that, if
more Au were to be added, the melting points might converge and level out around 204.5 C.
There is no quaternary phase diagram for the AgAuCuSn system. Because the melting point is converging to a
temperature of approximately 204.5 C, the addition of Au is not acting in accordance to the known phase diagrams.
The melting point is far below that of the eutectic melting points found in the binary and ternary phase diagrams for
Ag, Au, Cu and Sn.

Then each sample was twisted together with its Au and loaded into a
graphitized ampoue. Each loaded ampoule was connected to a vacuum
device for at least one hour in order to remove all air from the ampoule.
This was done to prevent the samples from oxidizing in the furnace.
While under the vacuum, a very hot torch was used to seal off the
ampoules so that the samples were sealed under a vacuum. The sealed
ampoules were loaded into a furnace and held for 3-7 days at a
temperature of 550 ºC.
After cooling, each sample was removed from the furnace and observed
to ensure that the entire sample melted. The ampoules were broken open
using a vice, and the samples were relocated into labeled containers and
bags.
Then 5 to 10 mg samples were drilled from the top and bottom of each
sample using a 1/16” drill bit. These 5 to 10 mg samples were run
through the DSC to determine the melting points.
Figure 2: An example of graphs obtained from the DSC. These 5 graphs show how the melting
points of SAC 305/405 change with increasing Au content.
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Figure 1: Portion of the AgCuSn phase diagram in which SAC 305,
387 and 405 exist.

Figure 3: Binary phase diagrams for AgAu, AgSn and AuSn next to the AgAuSn ternary phase diagram. The AgSn system has a
eutectic point at 221 C and 96.2 atomic % Sn, and the AuSn system has a eutectic point at 217 C and 93.7 atomic % Sn.

Future Research
We are in the process of preparing a journal publication (Metals and Alloys or Journal of the Less Common
Metals). In addition we are preparing samples with a higher Au content to confirm and finish the data trend already
noted. In the future we, or a future student, will perform x-ray diffraction analysis of the completed samples to
identify the phase structure and compositions.

